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Abstract. The semi-distributed model GRAM (groundwater rebound in abandoned mineworkings) has been applied 
to part of the South Yorkshire Coalfield, UK, to predict the pattern of groundwater rebound, in particular the timing 
and rates of changes in mine water flows between abandoned collieries. The model is based upon the mining 
hydrogeologist’s concept of ‘ponds’ (discrete volumes of interconnected workings) and calculates water balances 
over time for all ponds in a multi-pond mined system. GRAM was successfully calibrated against observed 
groundwater levels over a 5 year period from 2001 to 2005 before being used to predict future rates of groundwater 
rebound, in accordance with different scenarios, including average, low, and high rainfall scenarios. The results 
reveal that it could take up to 22 years before an inflow of water occurs into the last remaining colliery in the area at 
Maltby, with the first surface discharge expected in approximately 15 years time from an old mine shaft. If Maltby is 
closed and pumping ceases across the area, then it could be 100 years before groundwater rebound is complete. 
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Introduction 
Records of coal mining in the South Yorkshire Coalfield date back to the 12th Century, with initially shallow 
workings confined to the exposed coalfield in the west where the Coal Measures outcrop over an area of some 2,300 
km2. Exploitation of the deeper reserves in the eastern part of the coalfield began in the mid 19th Century and the 
associated dewatering of large areas has extensively modified the groundwater flow regime. The recent 
abandonment of all but one of these collieries, and the subsequent cessation of pumping, has led to groundwater 
rebound across the coalfield, which may lead to serious environmental impacts as polluted mine water discharges at 
the surface, as well as affecting the operation of the one remaining active colliery at Maltby. 
Previous studies of the general layout and extent of mine workings within the coalfield have revealed potential 
migration pathways for mine waters, with flow, in general, in a north-easterly direction towards Maltby (Burke 
1997; JMC 2001). The principal interconnections between the abandoned collieries are believed to be within the 
Barnsley Seam, which was worked extensively across the coalfield. 
The semi-distributed model GRAM (groundwater rebound in abandoned mineworkings) has previously been applied 
to several abandoned mine systems as part of decision-making activities (Adams and Younger 2001; Younger and 
Sherwood 1993; Younger et al. 1995), including part of the South Yorkshire Coalfield (Burke 1997; Burke and 
Younger 2000; Burke et al. 2005). In the study described in this paper, it has been applied to a wider area of the 
South Yorkshire Coalfield (Figure 1) to predict the pattern of groundwater rebound, in particular the timing and rates 
of changes in mine water flows between abandoned collieries. The model has also been used to predict the effects on 
groundwater rebound of possible changes in dewatering arrangements in the area around the active colliery at 
Maltby. 
[Insert Figure 1] 
Geological and Historical Overview 
The Middle Coal Measures of the Carboniferous Series, which have been extensively mined within the South 
Yorkshire Coalfield, are exposed in the west, where they outcrop over an area of 2,300 km2, while in the east they 
are overlain uncomformably by Permo-Triassic and later strata and cover an area of almost 8,000 km2 (Figure 1). 
The Coal Measures dip in an easterly direction and consist of an alternating sequence of shales, mudstones, 
siltstones, sandstones, and coal, in which some of the sandstone units are relatively thick and have been known to 
supply economic quantities of water. They are uncomformably underlain by the Millstone Grit formation. 
The Permo-Triassic (~ 500 m thickness), which overlies the Carboniferous strata, principally comprises sandstones, 
limestones, and marls, with the Upper Permian Marls merging laterally with the Triassic Bunter Sandstones. These 
sandstones form an important aquifer from which water is abstracted for domestic and industrial purposes. The 
overlying superficial deposits (~ 10 m thickness) consist of clays, silts, sands and gravels. Table 1 gives the 
geological formations in the study area. 
[Insert Table 1] 
The structure of the coalfield consists of many shallow anticlinal folds, which generally trend in a north west to 
south east direction, apart from the Don Monocline, which trends in a south west to north east direction. The area 
has also undergone moderate faulting, which has given rise to many large faults, in particular the North Don Fault 
and South Don Fault, which mark the northern boundary of the conceptual model outlined in this paper. As with the 
folding, the major faulting is in a north west to south east direction, with a secondary system (which includes the 
North and South Don Faults) at approximately right angles. The area is drained by three major watercourses, the 
Rivers Don, Rother, and Dearne. 
Records of coal mining in the area date back to the 12th Century when mining was confined to the shallow workings, 
where the coal seams were readily accessible, in the exposed part of the coalfield in the west. With increased 
technology and ability to mine deeper and more productive coal seams, the collieries gradually moved eastwards. 
Initially, small bell pits were constructed to gain access to the relatively shallow seams but this was superseded by 
the sinking of shafts or drifts with roadways to access deeper seams, with mining methods based around the pillar 
and stall method. Eventually, longwall mining took over and the majority of the Coal Measures in the area have been 
exploited using this technique. Roof collapse behind the coal extraction, associated with longwall mining, has led to 
the occurrence of goaf (waste material), which often becomes very compact but the voids adjacent to the edges of 
the workings provide relatively good watercourses, as do the many roadways constructed for coal clearance and 
ventilation purposes. 
The most productive coal seams are in the Middle Coal Measures, which are approximately 560 m thick and contain 
almost 20 seams of workable thickness. The main seam worked is the Barnsley seam, which has been worked to 
exhaustion in the majority of the area and, until recently, was still being mined at Rossington. It varies in thickness 
from 1.1 to 2.1 m (Eden et al. 1957). The Swallow Wood seam, at a depth of approximately 60 m below the 
Barnsley seam, has a thickness of around 1.0 m and has been worked by the Thurcroft, Silverwood, and Kilnhurst 
Collieries, among others. In the Lower Coal Measures, the Parkgate seam has also been extensively worked in much 
of the area and is currently worked at Maltby. It varies in thickness from 0.9 to 1.6 m (Eden et al. 1957). The deepest 
worked seam is the Silkstone seam, which was worked at Kilnhurst. 
In the 1980’s and early 1990’s the area suffered under the colliery closure programme and all but two of the 
remaining collieries were closed. The recent closure of Rossington has left Maltby as the only remaining operational 
colliery. 
Mathematical Model 
GRAM was first applied to the Durham Coalfield in 1993 (Younger and Sherwood 1993) and was subsequently 
refined (Sherwood and Younger 1994, 1997) before being applied to the Dysart-Leven Coalfield in Scotland 
(Younger et al. 1995). It has since been applied to part of the South Yorkshire Coalfield (Burke and Younger 2000). 
A full description of the model is given by Sherwood (1997), so only a brief summary is provided here. 
GRAM is based upon the mining hydrogeologist’s concept of ponds and incorporates it into a lumped parameter 
model. It calculates a mass balance for all ponds in a multi-pond mined system in each timestep (typically daily), 
which includes recharge (from precipitation), flow between ponds (through discrete connections) and dewatering. 
Water level rises are predicted by the percentage of the pond volume that is occupied by ‘floodable volume’ (Burke 
and Younger 2000), while flow between ponds is calculated using pipeflow equations (Figure 2). The model 
assumes that the water level within each pond is essentially horizontal, and that flow through the connections is 
turbulent. It is therefore a non-Darcian groundwater flow model that avoids unreasonable assumptions about 
equivalent permeabilities (Burke and Younger 2000) and has the added advantages of modest data requirements and 
the ability to run rapidly on a PC. 
[Insert Figure 2] 
Conceptual Model 
Colliery Interconnections 
Previous work carried out on mine water rebound in the South Yorkshire Coalfield (Burke 1997; JMC 2001) has 
determined the general layout and extent of mine workings as well as possible connections between abandoned 
collieries. In building the conceptual model for this study (see Figure 3), information was also gathered from mining 
records and mine plans. As highlighted in the report by JMC (2001), Maltby Colliery is principally subject to 
migration of mine water from south of the North Don Fault, although there is potential for mine water migration 
across the fault. For modelling purposes, it was assumed that mine water was rebounding separately in the area to 
the north of the fault (supported by field data) but that some water is passing across the fault, through an old 
roadway, into the Silkstone workings at Kilnhurst Colliery. There is also the potential for some water to pass 
through the Swinton Common water dam, which was constructed in 1929 to prevent water migrating along the drift 
roadway connecting the Barnsley seam on either side of the North Don fault. A water pipe passing through the dam 
was used to transmit water accumulating against the dam to Kilnhurst Colliery, from where it was pumped to the 
surface. However, records indicate that by 1955, the pipework had failed, allowing water to run down dip, possibly 
migrating to Kilnhurst Colliery at the Silkstone horizon. The North Don Fault represents the northern boundary to 
the conceptual model and inflow to Kilnhurst from north of the fault was estimated during the calibration stage. 
Kilnhurst is connected to Maltby Colliery via goaf-to-goaf connections in the Barnsley seam (via Yorkshire Main 
and Cadeby Collieries) (Figure 3). Maltby Colliery is also connected to Silverwood Colliery by a goaf connection in 
the Barnsley seam as well as in the Swallow Wood seam (60 m below the Barnsley seam), which was worked at 
Silverwood via drifts from the Barnsley seam pit bottom area. It is assumed that water began flowing down the drifts 
to the Swallow Wood workings once the pit bottom area was flooded, and then migrated to Maltby via a small 
barrier, some 45 m wide. Flow through this barrier is currently observed at Maltby, and is measured at a rate of 114 
L (30 gallons) per minute (196 m3/d). Silverwood Colliery is separated from Kilnhurst Colliery to the north by the 
South Don Fault, whilst to the south it is connected to Thurcroft Colliery. Silverwood also has connections to the 
west with Carr House, Rotherham Main, Roundwood, and Aldwarke Main Collieries, which are assumed to be 
flooded to an elevation greater than the height of the connection to Silverwood (Burke 1997). Thurcroft represents 
the southern boundary of the conceptual model since there are no open connections between Thurcroft and collieries 
to the south. It does, however, have a roadway connection with Treeton Colliery to the west, which is assumed to be 
flooded to a higher elevation than Thurcroft. Inflow to Thurcroft was estimated from the previous modelling work 
by Burke (1997). The eastern boundary of the model is represented by the Maltby, Rossington, and Markham Main 
Collieries, which are connected through the Barnsley seam, via Yorkshire Main Colliery (Figure 3). 
[Insert Figure 3] 
As mentioned above, the mining hydrogeologist uses the concept of ‘ponds’ to describe discrete volumes of inter-
connected workings (Younger and Adams 1999). The collieries in the study area have been grouped into ponds 
according to Table 2. With the exception of Silverwood Pond, each colliery is represented by an individual pond in 
the conceptual model. Silverwood Pond encompasses the workings of, not only Silverwood Colliery, but also the 
collieries of Carr House, Rotherham Main, Aldwarke, and Roundwood, since these are assumed to be flooded. 
Pumping at Carr House, at a current rate of 200 m3/d, is carried out to reduce the assumed flow of water into 
Silverwood Colliery, which also slows down groundwater rebound in the Silverwood Pond in order to protect the 
active workings at Maltby Colliery. 
[Insert Table 2] 
Many of the colliery inter-connections are via goaf and little is known of its permeability. It was shown by Burke 
and Younger (2000) that some limited flow must exist through the goaf connection between Silverwood and Maltby 
Colliery since it is unlikely that the goaf has compacted to an extent that it is effectively impermeable, preventing 
migration of water, while it is equally unlikely that the connection is as transmissive as a roadway connection since 
Maltby has not received any major inflows of the scale predicted by the modelling work. It is therefore assumed that 
the goaf connections are moderately permeable, although the hydraulic parameters for each were adjusted during the 
calibration process. This is supported by recent monitoring of groundwater levels which, when compared to the 
previous modelling results, closely resembles the limited flow scenario (Burke et al. 2005). 
It is assumed within the conceptual model that all the connections between ponds are within the Barnsley seam, with 
the exception of the additional connection between Silverwood and Maltby within the Swallow Wood seam. The 
Barnsley seam varies in depth across the study area, due to the easterly dip of the strata and the many faults that 
traverse the region. Table 3 shows the heights of each connection, relative to the ordnance datum (OD). It can be 
seen from the table that several ponds have more than one connection with their neighbouring colliery. All of these 
connections were included in the conceptual model. 
[Insert Table 3] 
Locations of Possible Surface Discharges 
The complexity of the workings within the coalfield mean that it is not possible to locate the exact points at which 
surface discharges will occur following groundwater rebound. However, several gravitational outlets associated with 
the Barnsley seam exist to the north of the Don faulting system (Ramsden 1994), some of which are currently 
discharging water. In the area covered by the current study, the surface level at Kilnhurst shaft, at 23.2 m above the 
OD (AOD), is lower than the exit from these outlets so may in future give rise to a surface discharge. This potential 
discharge location, along with the two locations used by Burke (1997) for the Silverwood pond, at heights of 35 and 
45 m AOD, were included in the conceptual model. Since GRAM only requires elevations of possible discharges in 
order to calculate the time for each pond to rebound to the surface, no absolute locations were identified. 
Application of GRAM 
Calculation of Recharge and Storage Coefficient 
Daily rainfall data from a nearby rain gauge were collected from the Environment Agency for a 20 year period along 
with daily river flow data for the two major rivers in the study area, the River Don and the River Rother. The flow 
data were used to gain a first estimate of the percentage of surface runoff over the area of each pond. A mass balance 
approach was also taken to estimate surface runoff, using the assumption that when each colliery was operational, 
recharge was generally equal to discharge. This discharge (from pumping records) was then compared to effective 
rainfall over the study area with the difference being assigned to surface runoff. Both techniques produced similar 
values for the percentage of surface runoff (≈ 80 – 90%) over each pond. It was assumed that recharge (which is the 
dominant inflow to the model) in areas overlain by the Magnesian Limestone (i.e. Maltby, Rossington, Markham 
Main, and Yorkshire Main ponds) is of a similar magnitude to that in the exposed coalfield, a situation which has 
been observed in parts of the Durham Coalfield (Bicer 1987). 
The rate at which groundwater in each pond rebounds is a function of the recharge rate and the available storage 
capacity (the void volume available for flooding). Initial estimates for storage coefficient in each pond were made by 
assuming that the open void volume is equivalent to 10% of the volume of coal removed (as used by Burke 1997); 
the values were then adjusted during calibration. However, as groundwater rebound occurs through alternating 
layers of open voids and unmined strata, changes in storage capacity result in the calibrated storage coefficient 
representing an ‘average’ storage capacity of the pond as a whole, which may differ significantly from the initial 
estimate. 
The area of each pond was determined by the extent of the Barnsley seam worked, since this was the main seam 
worked and covers a greater area than any other seam worked. The area of each pond, estimated from mine plans, is 
given in Table 2. 
Model Calibration 
The model was calibrated over the period 2001 to 2005, for which measured groundwater levels were available for 
the Thurcroft and Kilnhurst ponds. No data were available for groundwater levels for the remaining ponds, although 
pumping at Maltby and Rossington Collieries prevented water rising above their respective pit bottoms. Maltby 
Colliery is currently pumping at a rate of 1700 m3/d while the recently abandoned Rossington Colliery is pumping at 
a rate of approximately 130 m3/d. In addition, it is known that the water level at Silverwood Colliery is below a 
depth of 242 m below the OD (BOD), where partial collapse of the shaft has occurred. Initial groundwater levels 
were estimated from observed water levels and the previous modelling work. 
The observed and modelled groundwater levels in Thurcroft and Kilnhurst ponds, as well as the modelled 
groundwater level in Silverwood pond, are shown in Figure 4. As can be seen, the calibration has been highly 
successful in reproducing the observed water levels at both Thurcroft and Kilnhurst. In addition, the modelled water 
level at Silverwood, although rising steadily, remains below the depth of partial shaft collapse (242 m BOD). 
[Insert Figure 4] 
The storage coefficient for each pond, along with the length, diameter and roughness of each connection pipe, were 
varied to achieve this successful calibration. The calibrated values are shown in Tables 4 and 5. While the storage 
coefficient reflects the volume of voids available for flooding, the pond connection parameters reflect the degree of 
connectivity between the ponds. The calibrated storage coefficients (Table 4) are rather low and more akin to the 
storativity of a confined aquifer, but this is believed to be a result of the difference in storage capacity between mine 
voids and intact strata with the calibrated storage coefficient representing an ‘average’ value for each pond. It should 
also be noted that the diameter and roughness coefficient for each pond connection are only ‘apparent’ values, 
related to the water flow routes through the goaf; they do not represent the actual diameter and roughness coefficient 
of the roadways. In addition, the calibrated inflow to Kilnhurst from north of the Don Fault is 2000 m3/d. 
[Insert Tables 4 and 5] 
Model Predictions 
Following the successful calibration of modelled groundwater levels against observed levels in Thurcroft and 
Kilnhurst ponds, GRAM was used to predict the future rate of groundwater rebound across the entire study area 
according to three rainfall scenarios: average rainfall, high rainfall, and low rainfall. The model simulation was 
initially carried out for a period of 30 years from January 2006, using the calibrated input parameters given in Tables 
4 and 5. It was assumed during this simulation that pumping at the recently abandoned Rossington Colliery ceased 
after 6 months, while pumping at Maltby Colliery continued at its current rate (1700 m3/d) throughout the course of 
the simulation. As expected, a significant variation was apparent between the 3 rainfall scenarios, with groundwater 
predicted to rebound at a considerably greater rate in the case of high rainfall. A relatively steady rise in water level 
is predicted for all the ponds with little risk of surface discharges from the most easterly ponds, even in the event of 
high rainfall. However, surface discharges are predicted to commence from Thurcroft and Silverwood ponds around 
2028 for the average rainfall scenario, and from Kilnhurst and Cadeby ponds (in addition to Thurcroft and 
Silverwood) towards the end of 2020 for the high rainfall scenario. The effect of groundwater rebound on the current 
workings at Maltby were assessed with a period of 22 years predicted, assuming average rainfall, for water levels to 
rise to the elevation of the Barnsley seam pit bottom area. 
The variation in the magnitude of water flow through the connection between the Silverwood Swallow Wood 
workings and the Maltby pond was predicted over the 30 year period to determine whether a large increase in flow 
can be expected as the groundwater rises in the Silverwood pond. As can be seen from Figure 5, for each rainfall 
scenario, the flow through the connection is predicted to increase as the water level in the Silverwood pond increases 
but, after reaching a peak (which corresponds to the time the water level in the Maltby pond reaches the height of the 
connection, resulting in a smaller head difference between the two ponds), the flow to Maltby begins to decrease. 
The maximum predicted flow rate is on the order of 245 m3/d. 
[Insert Figure 5] 
The final situation in the South Yorkshire Coalfield, following abandonment of the last remaining colliery at Maltby, 
has been predicted by way of a 100 year simulation, again according to average, high, and low rainfall scenarios. 
The simulation began in January 2006 and it was assumed that Maltby Colliery remained operational for the first 
year. After this date, pumping ceased in all ponds (including Silverwood pond) and groundwater levels were allowed 
to rebound. Elevations of potential surface discharges were added to all ponds, although no exact locations where 
these could occur were identified. 
The predicted groundwater levels over this 100 year (36,524 d) period for the low, average, and high rainfall 
scenarios are shown in Figures 6, 7, and 8 respectively. Water levels are predicted to steadily rise in all ponds until 
discharging at the surface, with the exception of the Maltby, Yorkshire Main, Rossington, and Markham Main ponds 
which, in the event of low rainfall (Figure 6), are not expected to experience surface discharges within the 100 year 
period. It is apparent from the 3 rainfall scenarios that, although the water level in Kilnhurst pond appears to have 
stabilised following flow through the connection to Cadeby pond, once the water level in Cadeby rebounds to the 
height of the connection from Kilnhurst, the water in both ponds will then start rising as one body before discharging 
at the surface. The earliest predicted surface discharge, for the average rainfall scenario, is from the Thurcroft and 
Silverwood ponds after 23 years, followed by that from Kilnhurst and Cadeby ponds after approximately 32 years 
and the remaining ponds after approximately 68 years. In the worst case scenario, that of high rainfall, surface 
discharges are predicted to commence from Kilnhurst and Cadeby ponds after approximately 15 years, followed 
closely by discharges from Thurcroft and Silverwood ponds, with those from the remaining ponds occurring after 
approximately 55 years. 
[Insert Figures 6, 7, and 8] 
Following a suggestion that up to 200 L/s of water might eventually flow from north to south across the North Don 
Fault zone into Kilnhurst pond once groundwater rebound is complete to the north of the fault, and then onwards 
through Cadeby and Yorkshire Main ponds to Maltby pond, further simulations were undertaken. As reported above, 
the rate of inflow into Kilnhurst pond was estimated during model calibration to be 2000 m3/d (23 L/s), which was 
required to explain current water levels in the pond. It is also known, from recent borehole data collected in the area 
to the north of the fault, that water levels are below any elevation compatible with significant transfers of water 
towards Kilnhurst. In order to assess the hydrological consequences of this increased flow across the fault, the 
calibrated model has been subjected to an increased rate of inflow into Kilnhurst pond. A worst case scenario has 
been assumed, i.e. that 200 L/s (17,280 m3/d) of water is immediately delivered to the Kilnhurst pond and that no 
resistance to flow exists across the fault. The results of this simulation reveal that, even if such an increased inflow 
was to occur immediately at Kilnhurst, the throttling of connections between adjoining ponds are such that Kilnhurst 
pond would rebound rapidly (within about 3 years) and overflow at the surface. Most of the additional water would 
discharge at the surface with relatively modest amounts transmitted through the connections to Maltby pond; total 
rebound is still predicted to take 4 decades or more. Therefore, in the highly unlikely scenario that a full 200 L/s of 
water eventually reports to the Kilnhurst pond, the restricted water transmission capacities of the other pond 
connections means that it would still be more than two decades before the workings at Maltby begin to register the 
tail of the water at the elevation of the pit bottom area. 
Conclusions 
The GRAM model has been applied to part of the South Yorkshire Coalfield to predict the pattern of groundwater 
rebound and the corresponding variations in mine water flows between abandoned collieries. The model was 
successfully calibrated against observed groundwater levels in Kilnhurst and Thurcroft ponds over a 5 year period 
from 2001 to 2005 and was then used to predict future rates of groundwater rebound according to 3 different 
scenarios: low, average, and high rainfall. The effect of groundwater rebound on the current workings at Maltby 
were assessed with a period of 22 years predicted, assuming average rainfall, for water levels to rise to the elevation 
of the Barnsley seam pit bottom area. 
The situation following abandonment of the last remaining colliery at Maltby, and the cessation of pumping across 
the whole area, has been assessed, and predictions made as to when surface discharges may be expected to 
commence, although no exact locations have been investigated. GRAM predicts that water levels will steadily rise 
across all ponds, with the earliest surface discharge predicted from the Kilnhurst pond in approximately 15 years, in 
the event of high rainfall, followed closely by discharges from Thurcroft and Silverwood ponds. However, the 
earliest discharges are not expected to commence from the remaining ponds (Yorkshire Main, Rossington, Markham 
Main, and Maltby) for at least 55 years, and possibly more than 100 years in the event of low rainfall. 
Further simulations were undertaken to investigate claims of a future increased rate of water inflow to the Kilnhurst 
pond, following rebound north of the Don Fault, and its potential effect on the current workings at Maltby. It was 
found that the throttling of the connections between the ponds would result in most of the additional water 
discharging at the surface with little extra transmitted through the connections to Maltby. 
GRAM has therefore been able to assist the mine operators of the last remaining colliery in the South Yorkshire 
Coalfield in their future operational plans by investigating various scenarios and predicting the effects of mine water 
rebound. 
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Figure 1. Map of study area showing location of collieries and major geological boundaries (adapted from Burke 
and Younger 2000) 
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Figure 2. Schematic diagram of two interconnected ponds, as modelled in GRAM (after Sherwood and Younger 
1994) 
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Figure 3. Conceptual model showing ponds and their interconnections 
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Figure 4. Observed and modelled groundwater levels in Thurcroft and Kilnhurst ponds and modelled groundwater 
level in Silverwood pond over the calibration period 2001 – 2005, where m AOD is metres Above Ordnance Datum 
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Figure 5. Predicted water flow rate from Silverwood Swallow Wood workings into Maltby pond (2006 – 2035) 
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Figure 6. Predicted groundwater levels in each pond following abandonment of Maltby, assuming low rainfall (2006 
– 2105), where m AOD is metres Above Ordnance Datum 
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Figure 7. Predicted groundwater levels in each pond following abandonment of Maltby, assuming average rainfall 
(2006 – 2105), where m AOD is metres Above Ordnance Datum 
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Figure 8. Predicted groundwater levels in each pond following abandonment of Maltby, assuming high rainfall 
(2006 – 2105), where m AOD is metres Above Ordnance Datum 
Table 1. Geological formations in the study area 
Series Formation / Description 
Recent Peat, Alluvium, Boulder Clay, 
Fluvio-glacial Deposits 
Triassic Rhaetic 
Keuper Marl 
Keuper Waterstones 
Bunter Pebble Beds 
Lower Mottled Sandstone 
Permian Upper Permian Marl 
Upper Magnesian Limestone 
Middle Permian Marl 
Lower Magnesian Limestone 
Lower Permian Marl 
Basal Deposits 
Carboniferous Upper Coal Measures 
Middle Coal Measures 
Lower Coal Measures 
Millstone Grit 
Carboniferous Limestone 
 
Table 2. The ponds within the conceptual model, their areal extent and the collieries included within them 
Pond Colliery Pond area (m2) 
Thurcroft Thurcroft 12,000,000 
Silverwood Silverwood 
Roundwood 
Aldwarke 
Carr House 
37,500,000 
Maltby Maltby 19,843,800 
Yorkshire Main Yorkshire Main 18,579,700 
Rossington Rossington 24,486,900 
Markham Main Markham Main 9,833,438 
Cadeby Cadeby 26,625,000 
Kilnhurst Kilnhurst 5,468,750 
 
Table 3. Connections between ponds showing the coal seam within which the connection exists and its elevation, 
where m BOD is metres Below Ordnance Datum 
Connection Seam Height 
(m BOD) 
Thurcroft – Silverwood Barnsley 575 
Silverwood – Maltby Barnsley 650 
Silverwood – Maltby Swallow Wood 750 
Maltby – Yorkshire 
Main 
Barnsley 775 
Yorkshire Main – 
Rossington 
Barnsley 780 
Yorkshire Main – 
Rossington 
Barnsley/ Dunsil 
strata break 
775 
Rossington – 
Markham Main 
Barnsley 775 
Rossington – 
Markham Main 
Barnsley 820 
Kilnhurst – Cadeby Barnsley 280 
Kilnhurst – Cadeby Barnsley 232 
Cadeby – Yorkshire 
Main 
Barnsley 775 
Table 4. Calibrated storage coefficient for each pond 
Pond Storage Coefficient 
(dimensionless) 
Thurcroft 0.0005 
Silverwood 0.0039 
Maltby 0.008 
Yorkshire 
Main 0.003 
Rossington 0.005 
Markham 
Main 0.005 
Kilnhurst 0.002 
Cadeby 0.002 
 
Table 5. Calibrated pond connection parameters 
Connection Height (m 
BOD) 
Length 
(m) 
Apparent 
Diameter (m) 
Apparent Roughness 
Coefficient (m) 
Thurcroft – Silverwood 575 300 0.12 0.012 
Silverwood – Maltby 
(Barnsley) 650 670 0.05 0.012 
Silverwood – Maltby 
(Swallow Wood) 750 44 0.026 0.012 
Maltby – Yorkshire Main 775 300 0.12 0.012 
Yorkshire Main – Rossington 
(Barnsley) 780 20 0.05 0.012 
Yorkshire Main – Rossington 
(Barnsley / Dunsil) 775 20 0.05 0.012 
Rossington – Markham Main 775 500 0.05 0.012 
Rossington – Markham Main 820 125 0.05 0.012 
Kilnhurst – Cadeby 280 40 0.07 0.012 
Kilnhurst – Cadeby 232 300 0.12 0.012 
Cadeby – Yorkshire Main 775 500 0.12 0.012 
 
